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1. 建立注意缺陷多动障碍(attention deficit/hyperactivity disorder, 
ADHD)患者哌甲酯缓释片的群体药动学模型，考察哌甲酯缓释片群体药动学参数
的分布特征，为临床合理化治疗提供重要参数。 
2. 探讨 ADHD 患者哌甲酯缓释片多次给药后的稳态血药浓度水平及其与临
床疗效和不良反应之间的关系，以指导临床合理化给药。 
方法 
前瞻性纳入符合国际疾病诊断和分类标准第 10 版（international 
classification of diseases-10, ICD-10）中 ADHD 诊断标准的患者。 
1. 收集服用哌甲酯缓释片治疗的 78 名 ADHD 患者的消除相稳态血药浓度
数据(n = 165)和其它重要的临床资料，用 LC-MS/MS 法测定哌甲酯缓释片的血
药浓度，采用非线性混合效应模型(nonlinear mixed effect model, NONMEM) 法
分析处理数据，并用 Bootstrap 法内部验证模型的稳定性和有效性。 
2. 拟纳入 40 例未曾使用中枢神经兴奋剂的 ADHD 患者为研究对象，在 3wk
时间内完成哌甲酯缓释片系统剂量滴定，然后按滴定的 适剂量再治疗 2wk，按
照 后 2wk 实际给药剂量分组。在试验 wk1、2、3 末和试验结束时分别采集服
药后 8h 的血样本，用 LC-MS/MS 法测定哌甲酯缓释片的稳态血药浓度。临床疗
效在试验基线、wk1、2、3 末和试验结束时分别采用 Conners 多动指数（conners 




合。CL 典型值为 254L﹒h-1。体重（WT）和合并用丙戊酸钠（VPA）是 CL 的影响
因素。 终哌甲酯缓释片的群体药动学模型为：CL(L·h
-1
)=254 · (WT/34.7) 
0.663 · 0.884 (如果合用丙戌酸钠，否则为 1)·EXP(ETA(CL))。(式中 WT 单位

















2. 31 例患者（77.5%, 31/40） 终完成评估血药浓度与疗效关系的试验，按
滴定的 适剂量分为 18mg 组（n = 21）、36mg 组（n = 10）两组。试验结束时两
组的稳态血药浓度分别为 5.55±0.64 μg•L-1，8.56±0.50μg•L-1，并与给药剂量呈线
性相关(P ＜ 0.05)，浓度的个体间差异明显。临床总体有效率为 70.97%，两组
有效率相似(P ＞ 0.05)。两组患者Conners多动指数与基线相比均显著下降（P ＜ 




1. 成功建立哌甲酯缓释片治疗 ADHD 患者的群体药动学模型，根据患者的
生理用药资料,可估算其 CL，为制定给药方案提供依据。 





















1. To establish a population pharmacokinetic (PPK) model for Methylphenidate 
Hydrochloride Prolonged-Release Tablets(PR-MPH) in  patients with Attention 
Deficit/Hyperactivity Disorder(ADHD), investigate the distribution of the PPK 
parameters, and provide important parameter for clinical rational treatment. 
2. Explore the steady-state plasma concentration levels of PR-MPH after 
multiple dosing, discuss the relationship between levels and clinical efficacy and 
adverse effects of PR-MPH in patients with ADHD, to guide clinical drug treatment 
reasonably. 
METHODS  
Include patients with ADHD, according with the diagnostic criteria of 
international disease diagnosis and classification criteria 10th edition (International 
Classification of Diseases-10, ICD-10) prospectively. 
1. Serum concentration data (n=165) in elimination phase were collected 
prospectively from 78 ADHD patients taking PR-MPH during their routine clinical 
treatment, measured by LC-MS/MS. Meanwhile, other important clinical data was 
collected. Analyzed the data using nonlinear mixed-effects model (nonlinear mixed 
effect model, NONMEM) method, verified the stability and effectiveness of the 
model with the use the Bootstrap method internally. 
2. Included 40 ADHD patients for the study, who never used central nervous 
system stimulants. Completed dose titration of PR-MPH systematically within 3 
weeks, then continued treatment in the optimal dose for 2 weeks, divided into groups 
in accordance with actual dose of the last 2 weeks. Blood samples were collected 8h 
after taking PR-MPH, in the first, second and third weekend of the test, measured 
steady-state plasma concentrations of PR-MPH with LC-MS/MS. Clinical efficacy 
















second and third weekend of the test. Statistical data was analysed with SPSS v13.0. 
RESULTS 
1. First-order absorption and elimination of the one-compartment 
pharmacokinetic model was used for the base model. Exponential model was utilized 
for the individual random variation of the clearance rate (CL) and apparent volume of 
distribution (Vd), the additive model fitting was utilized for the individual's own 
variation. Weight (WT) and combined with sodium Valproate (VPA) were the 
affecting factors of CL. The final model was: CL(L·h
-1
)=254·(WT/34.7) 0.663·0.884(if 
taking sodium VPA, otherwise it equals to 1)·EXP(ETA(CL)) in which WT is 
weight(kg). CL increased with the increasing of WT nonlinearly. CL of patients 
combined VPA reduced by 11.6%. Random variation between individuals of CL was 
16.06%. 
2. 31 patients (77.5%, 31/40) completed the final test, assessed the relationship 
between plasma concentration and efficacy. The patients were divided into two 
groups, 18mg-group (n = 21), 36mg-group (n = 10), according to the optimal dose 
titration. The steady-state plasma concentrations of the two groups were 5.55 ± 
0.64μg•L-1, 8.56 ± 0.50μg•L-1 at the end of the test respectively, and showed a linear 
correlation (P <0.05) with the dose. The individual differences among concentration 
were obvious. The overall clinical effective rate was 70.97%, the rates of the two 
groups were similar (P > 0.05). Conners index of hyperactivity of the two groups 
patients were significantly decreased (P < 0.05) compared with the baseline. 
Steady-state plasma concentration and clinical efficacy has a high positive correlation 
(r = 0.82) (P < 0.05), in patients of 36mg-groups. The clinical efficacy threshold 
plasma concentration was 5.17μg • L-1 from the preliminary exploration in this study. 
The probability of gastrointestinal adverse reactions might increase in higher plasma 
concentrations. 
CONCLUSION 
1. A population pharmacokinetic model was established successfully and 
















patients’ characteristics and dosing history, and to establish a prior dosage regimen. 
2. Treatment for ADHD patients with PR-MPH is effective, steady-state plasma 
concentration and dose showed linear correlation, the individual differences among 
concentration were significant. Increasing steady-state plasma concentrations may 
improve clinical symptoms, but we should pay attention to the monitoring of adverse 
drug reactions. 5.17μg•L-1 can be used as an objective indicator to predict clinical 
efficacy. 
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缩略语 英文全称 中文全称 
ADHD Attention Deficit/hyperactivity Disorder 注意缺陷多动障碍 
CIH Conners Index of Hyperactivity Conners 多动指数 
ELS extended least square 扩展 小二乘法 
ERP Event-related potentials 事件相关电位 
FDA Food and Drug Administration 美国食品和药物管理局 
FOCE-1 
First Order Conditional Estimation with η-ε 
interaction 
一级交互反应条件估算方法 






Liquid Chromatography - Tandem Mass 
Spectrometry 
液相色谱-串联质谱 
MPH Methylphenidate Hydrochloride 盐酸哌甲酯 
NONMEM Nonlinear Mixed Effect Model 非线性混合效应模型 
OFV Objective Function Value 目标函数值 
OROS Osmotic Release Oral System 渗透性控释口服给药系统 









PSQ Parent Symptom Questionnaire Conners 父母用症状问卷 
r correlation coefficient 相关系数 
SFDA State Food and Drug Administration 国家食品药品监督管理局 
SPSS Patistical Package for the Social Sciences 社会科学统计软件包 
SSRI Selective Serotonin Reuptake Inhibitor 选择性 5-HT 再摄取抑制剂 
TCA Tricyclic Antidepressants 三环类抗抑郁药 





















带来严重的影响和沉重的负担[1]。患病率男大于女，在学龄儿童时为 3:1 ~ 9:1[2,3]，
在年长青少年时为 1：1[4]。由于各国各地区被调查者（父母、曾祖父母、陪伴者
或老师等）不同、文化不同（对行为的理解不同）、诊断标准和工具不同等，国
外调查 ADHD 的时点患病率从 1.7% ~ 17.8%[5]。国内部分地区流行病学调查[6,7]，
学龄儿童时点患病率为 0.8 ~ 6.28%。ADHD 病因不明，目前系遗传、孕期、分
娩过程及后天环境等因素共同作用[1]。 





体更具药理活性[9]。MPH 治疗 ADHD 临床有效率约为 75%[10,11]。盐酸哌甲酯速




技术，改进  MPH 剂型，目前有  Metadata CD(MCD)，  Ritalin LA(RLA)， 
Methylphenidate Transdermal System（MTS）， Methylphenidate OROS 等缓释剂
型[12]。其中，盐酸哌甲酯缓释片（methylphenidate hydrochloride prolonged-release 
tablets, PR-MPH）是由美国 ALZA 公司研制，2005 年 8 月中国正式上市的一种
长效缓释制剂。它采用先进的渗透性控释口服给药系统(osmotic release oral 
system,OROS)，外观呈椭圆型, 分别由 MPH 衣层、半透膜和药物三层组成，
















2 层及推动层组成。当药粒进入液体环境中,药粒 MPH 外衣崩解开始起效, 同时
释放出口开放, 水分子经半透膜进入药粒,推动层逐渐膨胀, 体积增大，将药粒溶
液推出,推动层继续膨胀,将 1 层和 2 层药粒逐渐释放。其药代动力学特征为,起效
时间在 1 ~ 2h, 7 ~ 9h 达峰,有效性可持续 12h[13,14]，与每日服用 3 次的 IR-MPH 相
比，哌甲酯缓释片可使血药浓度的峰值与谷值之间的波动降到 小[15,16]。这一点
符合多位儿童青少年精神科专家[17,18]对 ADHD 的用药建议:对 ADHD 患者首
选中枢兴奋剂治疗, 而药效应当覆盖全天需要。 
目前临床上 ADHD 患者哌甲酯缓释片的治疗，主要根据临床疗效，耐受










未成年人的 ADHD 患者进行哌甲酯缓释片的药动学评价。20 世纪 70 年代，群
体药动学(population pharmacokinetics，PPK)理论应运而生，它有许多优点及研究
方法[23]，在新药研发和治疗药物监测（therapeutic drug monitoring, TDM）中发挥
着重要作用[24]。1999 年 NONMEM 法被美国 FDA 批准用于群体药动学研究。




（nonlinear mixed effects modeling, NONMEM）法，对临床监测到的哌甲酯缓释
片血药浓度数据进行分析，较精确计算药代动力学参数的群体典型值及各种随机

















到有效治疗浓度；然后在治疗中，结合 1 ~ 2 点血药浓度数据，通过贝叶斯反馈 

































区患者 78 例。年龄 6 岁以上，符合国际疾病诊断与分类第 10 版（ICD-10）中
ADHD 诊断标准。每名受试者及其监护人均签署书面知情同意书和第一类精神
药品使用知情同意书（附件 1）。通过注意缺陷多动障碍患者哌甲酯的研究病例
记录表（附件 2）准确记录受试者的人口学特征（表 2. 1），包括生理、病理、用
药、采血及检测结果等资料。 
 
表 2.1 受试者的人口学特征 
项目   值 
患者数据   
 例数  78 
 性别（男/女）  66/12 
 年龄/岁  10.10 ± 2.87(6~18) 
 体重/kg  35.04 ± 9.07(20.3~66) 
血桨样本   
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